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© Edgo*illurninnted UquJd Crystal display da vices* 



© A high contract dtepfay provided hy (Ruminating a polymer dispersed flqvrd crystal (FULG) display panol 
ihrough oppooQo odgos thereof. Ljglit scattered oat tho front of the parol from nor -activated areas of the PdLC 
in whteh the retraeffva indices of tho liquid crystal find polymer matrix m&tertxte pre mismatched. For a- direct 
view transmission modo display. Che row or the panel is blacJconod so mat activated areas of tho PDLC In which 
the rorcjctfve Indices of the mafceriaJo aro matchod transmit edge-illuminated and ambient liQht snd appnar Mack. 
For a reflection mode display usable tn combination with projection optica, tho roar of tho panel la provided with 
a minor surface, and ambient Ifghi (9 prevented from reaching tho paroL 
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EDGE-ILLUMM ATED UQUJO CRYSTAL DISPLAY DEVICES 

QaCKGRDUND of the invention 
Hold of iha invention 

5 ' 

Tho present ^uentfon gonoralfy relates to tho flow ot Qfoctro-optical liquid Crystal devices, and more 
particularly to n high contrast liquid crystal display paneL 

tq Pwgtpgon pf tfg Related Art 

UqoJd cry/rtaJ cfiapfayv aip wdtly used in indis&fei. consunw. aerospace, and other *pftf cations. Such 
devices ganorony include a liquid material which oxhibits birefringence and eSeteetric aniaotropy. and whose 
angrtmorit cHrectfon is switcJviblft 7n response to an wppifcd oioeiric field. Of particular interest an* liquid 
* ™y*z? matorfaJe which are shuttle between light scattering and traneparem state* with an applied 

oloctnc field, ^ r 
Polymer disporeod liquid crystal display (FOLC) colls such a* tfscteod in U.$> Patent no 4.88AQ00 

entitled -light MODULATING material comprising a liquid crystal oi$*=h$k>n in a plastic 

MATRQC, issued Aug. 25. 1fiS7. to Doan* et ai. and 4.725,5*7. unliUsd "LIQUID CRYSTAL OAOPLCTS 
ao DISPENSED IN THIN FILMS OP INCURABLE POLYMEflO", issued (WTarch 1. 1900. to Va* ot al. nave 
been recently dovoloccd. These cells Include droplets ol » liquid crystal material dispersed in * light 
transmitting m3trt < In tho form of a flexible plastic ijlwnt or fhm, such a* an ultraviolet cured onoxy or thiol- 
we monomer. Trie liquid crystal dirceinrs in the droplets we randomly oriented In the absence of an 
applied electric field, whereby the index of refraction of tho droplets varies facofly and the droplets ecattor 
*s Pght Incident lhorecn from any angle. Application of a sufffctonOy high otocttc field Dy mean? of indium tin 
oxide (TTO) fffrn electrodes or other appropriate rneano eauses afionment of the Hqurd crystal directors 
pyraflol to tho appHeri rteJO when the liquid crystal has a pooitivo diotoctric anistrppy. The materials aro 
selected suc h that t ho mdox of refraction of tho liquid crystal materiel in tho fiofetaiigned state is oquaj to 
the Indox of lotasfion of the isotropic plasoe matrix material for light at normal rpeipendicurao Incidence to 
aa the POLC cell Thonaibre, the cell appears opHcany transparont la the preaenco of an applied otoctric Rett 
mn«n It is viewed at normal incidence. 

A display panel b constructed by providing a Pquld crystal cell having segment* or othor picture 
domonta which can be cottecliver/ or indh/idunlfy switched on and off to form a desired pattern 
Applications ol liquid crystal dnvices cover a wide range from email consumer timepieces to relatively torso 
OS dashboard and hoado-up display* fur automotive and other vehicle control panels. 

A major problem which ha* ponustea In many uquw crystal displays is tow optical contrast bcrwean 
bright and dark Imarje are&s. Especially in the presenco of sunlight and other high emtojent tiotit leveb, 
conventjonal Pquld cryatni displays appear wasned-out and aro difficult or impoayibte to road. 

liquid crystoi display an* eenventfonauy tfluminated from tho back in a Uarwmfwion modo or from the 
SS" 1 " a rg I fl °f ticn modo ' A ^criph-on of the*? standard modes of operation is round in "Liquid 

OryBtBJfl and Their AppUcationa". by T. Kaffard, 0 P DdotiIc Press. Mew York. NY. 1070. tn POLC cells, most 
of tho Pont is forward scattered in a mleaVety small angto cone. When viewing juar iho scattered light from 
n?aHllumlnated POLO Cells. It has boon shown, as described in a paper by A.M, Lackrier r et el. Hroc 3PIE 
Vor 350, Automotive Dfcplayc and indusma] wummaifon. p.7>79, 1988. that ibo maximum contrast rafio la 
v&tofod when the illumination light waa about 30* off normal inddonco. Iliiiminaaon of a PDLC coll 
through an edgo thereof, which is parpendlcular to tho orientation of the liquid crystal directors in tho fleM 
aligned crtnfa, would havo boon expected to produco a display with both on nnd otf sagmenta acpearinn 
bnght due lu scattering by the liquid crystal droplets. 



50 



SUMMARY OF 71 IE INVENTION 

ft Is a purpose of tho pracor* rnwontfon to eubstarwtelry Increauo tho controat in a Gqnio: crystal diwkiv 
panel, which preferably includes a POLC device. ^ y 

It is a ralatnd goal of tl>e iiivontion to extend the range of application of liquid erycta! efiepfay pangl* to 
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Indudo oparutiori In onnllcht and othor high amhlont light conditions as well as in tho absence of ambient 
light which has previously precluded the use of such displays. Another related goal la to extend the 
^ ^ application erf POLC panels to include umbo as light pipe devices end illumination panel dovicoa, In which 
"me f intensity of Ugh? passing fmm edge to edfle- trough the panel and ornlttnd from the faces or the panel 

s la controlled by an oforirlcat field appliod to tho PoLC film. 

iho present invention uoos odrja i|ium)rudtoo of a PDI.C ceil. In tho present edQa^iluminated cU3pley, in 
contrast to whet would be normally expected, tho amount of centering In the tield^afigned or on-sogmenta 1$ 
low, and tho on-eoflrnents appear substantfaJry txtmaporont, Tit* gftaenmoote. however, sector light in the 
normal manner, and nppoar bright A hlocic surface provfdod hohind the panel aboorbs ambient light, and 

to consequently, trie on-^ogmonts appoar block. It has been dotnrminod experimentally that the contrast 
between bright and black comments in an edqo-IUuminated. WacJebackground POLC display is greater In 
bright ambient tiyht ihnn tho contrast obfAlnnble with convenHcknel buck-WuminiiUon. Bright ambient tight 
does not wash out and rondor the display unreadable as with cortventtonaj bacto-ilfummated liquid crystal 
display*. Instead, bright fl&hl (such as direct sUnDghl} increases the brightness of thte PIXC display wiUiout 

ic substantially dweoafng the uemmar. ratio, and thereby tho readability of tho display is Increased. 
Alternatively, the present edgoHRuminated display can be operated in a reflection or dlepfey Image scurto 
mode, with a reflective mirmr surface being substituted In pfoce of tho black rear surface, frt combinatian 
with projection optics and means for preventing ftm Warn fight from reaching tho liquid crystal display. 

These end oihor features and advantagos of tho present Invention will be apparent to those skilled In 

20 tho art from the following detailed ofeacrfptian. taken together with the accompanying drawings, irt which like 
roforonco numerals refer to like part*. 



DESCRIPTION OF THE DRAWINGS 

Flguro 1 Is a diagram illuctratlng an edg&titumlnattd liquid crystal device of tho present invention 
configured to Operate In a transmission moda: 

Flguro 2 Illustrates tho present invention configured tn operoro In a reflection or display linage source 

moda; 

air Flguro 3ba aTegrnm Illustrating an edgoHtlumtrratcd liquid crystal device of tho present invention, tn 

which the dovfee acts as either a Dght pipe or a Uflht-emittlng panel; end 

Figures 4a and 4b are diagrams ntostrobno, light scattering effects in an cdgr^illumlnaiod PDLO cell fh 
wtiich tho LC droplets aro in an inotropic polymar host and In en aligned LC-poiymer host rasp actively. 

30 DETAILED DESCRIPTION QF THE IIWETimON 

Raf erring now to Figure 1 of iKo drawing, a liquid crystal display device embodying tho present 
invention h garmrelly designated aa 10 end Include* * display panel 12 having a polymer dispersed liquid 
crystal (PDIjC) display coti 14. The call 14 includes a POLC film 16 which may be produced by tho process 

40 described in the above-referenced patents U&p end 4,728,547 or any othor statable process. Tho 

cell 14 furtlior has electrode layers 1S and 20 farmed of. for examples Indium tin oxide (fTO). on tho 
opposite surfaces of tho film 10. Tho cell 14 Ic scheniatictittv illustmlod as having on ofreegment 2£ end 
on-segmenhr 24 and £&. No electric field ie applied across -tho coll 14 In tho off*sagmont 22. and an electric 
Hold from a voltage source 2a Is applied across the call 14 by moono of the eiachodo rayons IS end $0 in 

•*$ tho on-sogmonts 24 and 2$. 

The display panel 12 ftjiLhor Includes front and beck transparent face plates 30 and 32 roopectfveiy 
which sandwich the liquid crystal call 14 the ro between- The toco plates 30 and 32 may bo formed of glass, 
ptasus, pioxirjtaas. or any other suitable material, with the uiicknoosos thereof selected to produce optimal 
results. 

Tho embodiment of the invention Illustrated In Figure 1 le designed to oporato In a transmission, or 
cTrod-vfow mode, and includes a Upjht absorbing material 33 provided behind me back face pfato 32. Tho 
materiel 33 may be black point applied to the surface of the face plate 32. or a separate black sheet or 
plate which is maintained In contact with the plate 32 or spaced at n slight dtetance behind the plate 32. 

Optica! lamps 34 and 3$ ere provfdod to illuminate the dtoplay panel 12 through opposfte edges 35 and 
cs 40 thereof respectively. The tempo 34 and 36 may ba of any suitable type, for example fluorescent lamps, 
which provide uniform fflumfnatiort- Reltectors 42 and 44 are provided to concentrate All of the light from tho 
(amps 34 and 3D into the respective edges 30 end 40. Diffusure 46 and 40 may be provided botwoon the 
lampa 34 end 36 end the odgas 3H and 40, The diftusers 48 and 4a moy bo form«d by a translucent paint 

3 
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on tho odfloc 38 and 40, by Grinding th* edges 38 and 40. or comprise separate translucent momborc 
willed arc- lu rotolnoei in tho pooftionft shown. Kuither muatratod aw polan^ora 50 and 5^ which may bo 
provided without or in Combination with tho diffuse* 4Q and 40 to allow only a portion of tho Hrjht from the 
• lampa 34 end. 33 which has a prefe/rad pokirteatton to JHumlrtOlD diaptoy pengl 12. 

5 operation, itfjht from tho lamp* 34 snd 3ff propagates through (ho dwplay panel 12 in tha vortical 

direction as viewed in the drawing. In tho ofNragmem 22, the liqwd crystal tfrectors in tho riqvid crystal 
drapto» of the ceq 14 are randomly ailanod In tho absence ot an applied otoctric field, The index of 
refraction of the PquW crystal matortof in tha orr-seomant 22 therefore dlfforc locally from mo index of 
refraction of iho polymer matrix in a random manner, Ao a result, tight from tha lamps 34 and 38 

to scattered by tho ofNsoamont 22 out through the front of Iho display devico 10 toward an observer 54 a* 
scham&ecally iMualratod by solid line arrows. 

In tho on-ooQments 24 and 2G. the ofecWc flsW applied by tha voljag* sourc* 2fl and electrode layers 
18 and 20 causa* the Could crystal directors in the fiquld crystal droptet* of if io coK 1 4 to be aligned with 
tho otoctric Hold, or moi* specify in Iho horizontal direction a* viewed in Figure 1, whon the LC baa a 
ra posrtivo diotectrio anrafiropy. The on^agmento 24 and 20 am transparent to ambfont light incident on ths 
dtspray davlca 10, whether incidsrtf perpendicular to the surface of tho panol 12 or almost paretteJ or 
mbotwoon. Tho maul* i* that the embiont fight to absorbed by tha material 33 at tho roar of tha panel 12 
and tho on-sonments 2A and 2B appear OlacK to tho oboorvor 54. 

_ J 7 ™ li^it from the lamp* 84 imd 38 propagates through the panel 12 in a direction largely perpandicuior 
so to tho fiold-ftliOrtbd molecules in tha on-aoarnonto 24 and 2^ It would bo oxpoctod that tnia light would bo 
ocauurtoo* by ffw on-sonmonto 24 and 2S in the same manner an by the OfNauginent 22. HOWOVOT the 
unj^rpected result provrdod by the present invention Is thai the fight produced by adga-illuminalion of the 
panol 1 12 js scattered much Joas by tho oMflnrnea*. Tho on-cogmorrtn 24 and 20 not only appear black to 
too obf«rver $4, but tho contrast ratio of tho bright off-sogmont 22 to tho dark off-segmonta 24 and 26 to 
w tocher than Is typically attained by converitfonal front or roar nomination Of light scattering liquid crystal 
display cfewces. Contrast ration oc nJgn n* ami have bean achieved oKporfmantally. 

S ^ Wa ^ tl i d rf3play davfl * 00 wtotytoQ ma present Invention 13 illustrated in Fiouio 2. The 

device 60. unfikn device 10. operates In a reflection or display imago source mode. 

Tho dovico firjprovide* a eourco of an imaae for projection onto a screen 62 by means of a suitublo 
aa opocaj $yatem which i-j symbolically repreoontod an a conv^grpQ lena 54. A further necessary component 
^ 50 19 ^ a***"* ro «*fch pmvoma ambiont light from roachirw the pmca 1?. In thfe 
RrnbodJmen^ tho lioht at?wbing matoriol 35 in replaced by » roftoctivo aumxe or mirror 68. wftfert 
increasoa tho «anorin0 of light toward tho front of the panel 12. To otlnlmfco parallax knw effects, iho 
mirror CO chouW bo Operated from tho PDLC film 16 by a very thin transparent aufertraJe tayor 32. or 
as entfroly mpiaco 32 pho be In dlroot contact with the conducts layer 20. or be a matatJFc mirror and reoloco 
both 32 and 20 ai.ti bo m direct contact with tho PDLC layer W. Tho display imarje savr C e embodrrncm ia 
espec.ally suited for use fn automotfuo haad*-up display, which may include a holographic tons for 
roQocmig en Imago of the Hqufd crystal display toward the vohiclo operator. 

A 1Wrd Ikaid cry^l devloo 10* ombodyino the present invention Id Illustrated in Rgure 3. Thia nnhtr 
« p^pe/iifint panel dovico ttftm from me dovico 10 in that only one end la odgoitfuminated. m u,o vottago off- 
atete most ot the llflht la umittpd from mo ddo of tho panel end can bv obcorvod by a viewer, whoroaa in 
ino voltone on-etato much of the light is transmitted through tho coll ana is emitted at the edges of ma coll. 
which are amaoOv nort-rofloctrve, norwJilTualng odgaa o*e©ptfor the niumlnaiod odgo. If only the twht-panoi 
° . ' <Whk * lmv ° 3C{ected ««w or Inoctivo naQments aa m tho dovico 10) and edgo 

« fimitted rigtit is not doairod. then black absorbora con be used at all tho odnoo except for tho uruminatad 
<i"9{s). The Bflm^pe/light-panol device can bo used with or without tho roar Ifcht absorbing layer 33 and 
with or without a mirror 93, appending upon how the SflW penal effect in to be used. 
nhJ^Lrr^J^^"!!!* ^Wiiminatod fiquid crystal device embodying the present invention fe 
, 1 : ^ ^ ,flnod BquW c ^ a0J P^y™r ^ ^oocl as the host matrix for LC droplets In 

n a PDLC film Instead of the usual isotropic polymer host ilMslratod In F7 fi uro The l,Opolymor ia choson 
to have approxrmatOly tho aame rofractfvo rndices (rv, and n.) as tho LC cfroplety. and both aro cr»osw to 
havo tho sign of d«tectjfc ani«tropy. which is iRostmtad as pccHlva delocwc anfcvcw in Rnvre 4rx 
^J^T^fl!f. '" a host was repcrtad by KFBngsdOrl. H.W. Schmidt and ^ 

^ M f^ r -^ hem - ^ w Common. 3. 745 CI 932), howovor. thoy did not match tho nafradtvo 

aS fa^e^JTJ ^, m ^ 30d ^ M ^ ar?0n 0)0 " > P° , * mor ' 7710 ^ polymer in u, u T g rmly 
aupnod fin tho flaW d.rwtion In Rgure 4b) oy use of surface aflgnmonr. electric field or magnetic naw 
aiifjnment during its foimub'on- Thus whan the LC droplets in tho resultant PDLC film aro oi»»ctr,caJ ilaid 
aliftned. they match the refractive tndiooc of tho LC^otymw and show virtually no scatteiiny. The 
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configuration Illustrated in Hgufe 4b Is $i$o highly offbctfve as u JJgr^po/IIp^pansl device. 



EXAMPLE 1 

5 *" 

A PDUC ffrsplay cell of tho typo illustrated in Rguro 1 wu fahncatBd. Tho coll was mace from gfaao 
plates which wotd 1/4 Inch thloR fer tha baat pinto and inch thick for tho front plate. Thy thicker back 
piste gave a bettor contrast display compared to using the 1/8 inch thick glass pfcrtos on both front and 

?o bach. Tho PDLC film woo mads (between tho ITO electrode* on the fllass plates) by UV pnetopelymerizar 
tion of * auluiian of "in liquid crystjd (BDH-ED) In thlol-one monomar oyntorry Specificity this monomer 
system was the optical cement Norfond N0AB5 containing 3% of Hi* LC*manomor additive 4-cutylphonty 
4-3gortoyfowberuoato. Tho gloss electrodes wore ©orfflaured to grvo an overall display area of 2.25" x 4". 
and the POlC spacino was Controlled by tho oae of 10 micrometer diamotor glass beads dispersed In tho 

n solution prior to photoporymortzatlon. Tha black aboorblng surface was placed In direct contact with the 
book glass ptata. Tho cell wad illuminated with email flueroccont tubo lionts, placed above and below tha 
PDLC coll, with a plastic dtffuaor film between the fiahm and the cell. No polarfcena wore used. Contrast 
ratios up to 20:1 were measured "hen viewing trie light IntonsUy dltforonce between voHafle-on and volume- 
off eogmonts tn the display araa, 

EXAMPLE 2 



£6 TTie same cell ond Illumination system was used as in EXAMPLE i racept that tfie dftusors of tho top 
and bonom of tho cell were replaced with polarizer ITtms. Visual observations cloariy showed that the 
contract ratio of tha dispiny was improved when tho polarize* film had its linear pblarftstion dJroction 
perp«rujicgiiir to tho gUrOCtiOn of tfio E-flgld when It applied on th* PDf-C between the ITO otertroctas. 
When the potarhror was afignod paranol with the E-field. tho contrast wacj lowered when viewtng normal to 

00 (he coll, and wa$ much lower whan Mowing at an sngh from either a'de- 



OCAMPLE A 

This example provides oxpenmantar evkJenco for rnofluiactton of the tctai light emitted from tho viewing 
stao of an odDo^mjfiatud PDLC celL The total PJsmt emitted (at ail angles) from tho front (viowTnp, side) of 
an edge-fflumlnatod POLO coll wo modulated by cnanojno, the Shield On the PDLC The PDLC cod was 
made by UV polymerization of the components given tn EXAMPLE 1, formed between TO electrodes 

40 (unpattonnod) on 1/0 Inch thick glass plates. It was edge^Iiumrnatod from the top, with art incandescent tamp 
via a fieor optic bundle, wfth the beam normal to iho top of the cell. Tha total Ifaht emitted from tho front 
skto was measured, under various conditions, using an Entegratfng sphere detector placed at trie front glass 
surface- black fept> was used to cover the back side In TABLE 1. and both tho back side and bottom edge 
In TABLE 1, Trie polajfcun; worn aBgnnd with respect to the fMfeid direction which could bo applied across 

40 the PDLC 



TABLE 1 



60 . 



55 



Reletfvo Integrated tight Intensity From Side of PDLC Cod, Tap 
Edge Illuminated and Black Tape on Bade Side 




NO 
Orffueef 


Diffusa* 


Perpendicular 
Pobufz«r 


paraltnl 
PolarLur 


Off 

On 000 V) 

cn 


.0211 


.0275 
.0124 


.0192 
-0090 


.oioa 
,otot 

1.7S 



5 
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TABLE 2 



Rotative Integrated Light Intensity From Sid* of PDLC CoB. 


Tap Edge Illuminated and Stock Tap* on Back Sida find 






Bottom Edge 






No 


24% NO 


Perpendicular 


Parallel 








Polarizer 


Foi&nzer 


Off 


•0074 


D2D3 


-02A5 


.0245 


On (100V) 






.0114 


.0140 


en 


2.Q4 


£07 




1.75 



Those results show that nbout twice vs nmch light was emitted (at all nnrpas) from iho faeo of tha aegp- 
Illuminate PDLC cell in tho voltage off^tste ee compared to its cn-staio. Thia contract ratio (CR) varlod 
with jUyminstian conditions, but was significantly larger tor peipundicufar-poinfoed Gght as compared io 
ax? paraltel-pnlarteod light under the MuminatoYin condhfone Of those experiment. 



fcXAMPLE4 



Experimental evidence vrao obtained for Afield modulation of the loud liejht transmitted from one edge 
to another in an edO^Iuntinatod PDLC? Cell. Tho same PDLC cell was used as in EXAMPLE 3. but without 
any block tape, and the same nomination eource waa used, except that tha incident light w*9 at tn or 
about 30* Off normal to the edge. With illumination at tho top of (tie ce*. the ratit fight intensity <at all 
so angfoa) was measured at the bottom or tho cell with the integrated sphere detector. The n*9ylts are shown 
in TABLE 3, 



TABLE 3 



Reiatfvo Integrated Ught Intensity Exiting From Bottom of a 


POLO Cell, Top fc'dgw Illuminated, Wfth No Absorbing Layers on 






the 3irfea 






No 


Diffuse* 


Perpendicular 


ParaJtol 




□iffuaor 




Polarizer 


Polo/Lcor 


OJF 


.0.544 


J)5B2 


J0S47 


J0537 


On (1 00V) 


.0620 




J0877 


,0548 




U14 


1.1* 


1.24 


1.02 



«5* 

Fnr this cotJ, undar those iffurrUnoOon conditions, the on-rfato increased the Intensity of the Mght 
transmitted threuoh tho coll as compared to the off-atnto. The modulated Increase was about 15% tor 
diffuse, unpolarlzed Hojit, while the tner esse was abovt 24% whan a porporrdlcutar-flJIgned (versus tho &• 

$o Held) was placed on top of tho coir. 

While oovenu illustrative embodiments of the invorttfon have boon ohown and described, numerous 
variations and altomnte embodiments will occur to tbos* sJdllnd in the art without doparting from the spirit 
and scope of tho invanfa'cn. For example, edgo-Jffomlrwtion of Uw display panel may be achieved by tho use 
of a fluorescent dye dispersed plaebc sheet in Combination with tho optica; tamps. aJthougn not 3t»own in 

-js tho drawings. Funhor. the scope of tho Invention "mctudae application to types of liquid crystal displays 
othor than PDLCo, ouch aa dynamic scattering mode, and Nam otic Curvilinear Aligned Pftaso (NCAP) 
displays. Tho display device may have pictum filaments in an arrangement other than segments*, such ae 
an ncKvn matrix display, and may include color elements ar fiftaru* Accordingly, it is intended that the 

0 
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prooont invention not be limited solely to the spocificafly described embodiments. Various rnodlficcUon« are 
COniomplntod and can bo msdo without depa/tinn. tmm mo Gplrit und ocopo of the Invention defined by 
the appended claims. 



Claims 

I . A liquid crystal display device, comprising: 
liquid crystal display pnnol means; and 

io light source means tor illuminating trie CI splay parte! means through on odgo tho roof. 

a A display device as in claim 1. In which tl*> display panel mearua comprises a polymer disporsod 
GquW crystal ceit 

3. A displxry device as to claim l> further compflelnp, switching meana for switching a predetermined 
area of the display panel means botwnen n light bronsmlsslve state and a light scattering Rrete in rosponso 

▼a to applied energy- 

4. A display devico as In claim 1. In which tho dieplay panel nitume compriaos a polymur dispensed 
liquid crystal film, electrode Jayorc formed on opposite ourtaeos of the tilm in a predetermined ere* of tho 
display panel means* and front and Duck transparent face pkAro which sandwich the liquid crystal firm and 
Qtecirodu layer? thombetwann. 

io 5. A display device as in claim i. In which tho light source means comprise? «mt and second optical 
(amps for illuminating the display panel moans through said odgo and through tin od$o opposite to said 
edg» ihcrtDof reapectlveiy. 

6, A display device as in claim 3> in which the applied energy is on electrical potential, tho cwitchlny 
means comprising electrode means. 
*5 7. A display device as in claim S, further compile ir»G first and second Kflht diffusing means disposed 
UoLwetm tlio first and second optical lamps and said respective edges or the display panel meano. 

B. A display dovlco as In claim C further comprising Tkst and second tight polarizing mgnna disposed 
between -the first and second optical lamps and said respective edges of the display panel means. 

0. A dioptay dovtce as m eleim c in which tho tight source moons illuminates th» diapfay panel means 
ao in a direction suJtetanfcilly perpendicular to a direction of the electrical potential applied Oy tho oloc trade 
moan a. 

to. A liquid crystal display device, comprising: 
liquid crystal display panel menne including a liquid crystal display cod and -front end near transparent race 
platoe which sandwich me display coll thorebetwearr, and 
m li.qht source rneune for illuminating the display panel moans through an odge thereof, thfi display coll having 
a first Image area thereof which scatters fight from the light source means through the front face plate, end 
a second Imago area thereof which is substantiatry transparent to Dght from the tight Source moans. 

II. A display device as In claim 10, tn widen tho display panel means further comprises light absorbing 
means provided at a surface ot tho roar face plate. 

vfl 12. A display device as in claim 10. 10 which tho display panel means further comprises Bgm reflecting 

mean? provided at a nurface of the rear face plate. 
13. A liquid crystal display device, comprising: 

liquid crystal display panel means including a polymer dispersed liquid crystal coll; 

tight source means for Illuminating the display panel means through an edge thoreef: 
40 electrode ruanns for Switching a predetermined anm of tho liqiiid crystal coll betw»en a light trensmiSGrvo 

state and a light scattering state in response to an electrical potential applied across the etocftodo moans: 

the light source means- illuminating the display means on a direction substantially perpendicular to o 

direction of tho electrical potontful applied by the otectrodo moans: and 

light potartdng moons disposed fcotwHen the tight source meano and the odge of the display panel means 
go far only passing fight triorothrough which has a polarisuion perpendicular to tho direction of the electrical 
potential applied by the erectrodo moons. 
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NO FIELD - FIELD ON LC - 

STRONG SCATTERING WEAK SCATTERING 



Fig. 4 a. 




NO FIELD - F ,£|j> on LC - 

STRONG SCATTERJNC NO SCATTERING 



Fig. 4b. 
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